With the advent of SCUBA many studies have appeared on the behavior, diversity, and habitat use of Caribbean coral reef fishes (e.g., see review by Sale 1981) . These studies revealed consider· able similarity in the species composition on many Caribbean Islands, although quantitative differences apparently reflect differences in habitat (e.g., Gladfelter et a/. 1980; Kaufman and Ebersole 1984; Alevizon eta/. 1985; Itzkowitz, pers. obs.). However, SCUBA has restricted our know· ledge of Caribbean fish communities to depths of less than 30m, while living coral and the associated fish communi· ties extend much deeper.
Using submersibles, researchers have the potential to investigate the deeper coral reef fish communities. At present, submersibles have been used to broadly census large and/or deep areas (e.g., Colin 1974; 1976; Parker and Ross 1986; Shipp eta/. 1986 ). Here we describe a series of repetitive submersible dives from depths of 25 to 100 m on the north coast of Jamaica. The intent of this study was to characterize the fish fauna with changes in depth. Also, making repetitive dives to the same localities, and having the ability to maintain stationary posi· 25 tions, allowed us to examine interspecific behavioral interactions among the spe· cies common to each depth.
The behavioral observations were designed to look for similarities as seen in shallow Caribbean communities. In the shallow areas most of the emphasis has been on the behavioral ecology of territorial damselfishes (Bartels 1984; Doherty 1983; Ebersole 1977 Ebersole , 1980 Itzkowitz 1978 Itzkowitz , 1979 Itzkowitz , 1986 Mahoney 1981; Myrber~ and Thresher 1974; Robertson 1984· Robertson eta/., 1981 Schmale 1981 ) and on the free-ranging species that often form mixed-species groups (e.g., Buckman and Ogden 1973; Itzkowitz 1974 Hanley 1984; Ogden and Buckma~ 1973; Robertson eta/. 1976) . The permanently territorial damselfish have specific, and nearly exclusive, habitat preferences with the same individual often occupying its territory for many months (Itzkowitz , 1986 Schmale 1981) . Their vigorous territorial defense is directed again conspecifics and other fish species which may utilize resources within their territories. The aggressive exclusion of herbi· vorous fishes (e.g., parrottishes and surgeonfishes) often results in luxuriant growths of algae within damselfish terri-tories (Brawley and Adey 1977; Irvine 1980; Potts 1977; Sammarco 1983) . Besides affecting algal growth, damselfish attacks usually modify the swimming pattern of mixed-species groups and often cause them to fractionate into smaller units . In the present study, emphasis was placed on determining (1) if a species exhibited territorial behavior and, if so, which species were chased, and (2) if not territorial, was it consistently found with other individuals/species.
METHODS
This study was performed on the forereef at Discovery Bay, Jamaica. The location was ideal for submersible access as the fringing reefs are within 200 m of the shore and between 300-400 m from shore, the depth quickly drops to over 300m.
The PC-8 submersible was designed for a pilot and one observer. The observer sat aft and viewed out a plexiglass hemisphere that had a diameter of approximately 1 m. The field of view was greater than 180 degrees and although visual distortion occurred at the periphery, it was minor and did not interfere with the observations. The submersible operated on stored electricity, and had a maximum operating depth of 250m.
Three depths were selected for study: 25, 50, and 100m. Although the 25m sites were within the working range of SCUBA, the submersible was used to allow comparisons to the deeper areas. At each depth, an initial exploration was conducted to locate sites which had fish communities. The three study sites selected typified those habitats supporting fish communities. Given the small sample size per depth and the large areas which did not support fish communities, random site selection was deemed inappropriate for this type of analysis.
At each depth, the three sites were separated by a minimum of 50 m. Each site was marked with a conspicuous float attached to a weight. During July 1984, 5 dives were made to the 25 m, 10 to the 50 m, and 11 to the 100m depth. Attempts were made to space dives to each depth throughout the month. A single dive involved visiting one depth; the three sites were each observed for 30 min. During the 30 min observation, the submersible hovered or rested between 2 and 4 m from the study site. As discussed below, all study sites were inclined between 60 and 90 degrees. The area of the study site varied depending on light penetration (e.g., turbidity) but attempts were made to keep the area under observation constant (approximately 12 m 2 ). Submarine lights were used only for momentary identifications and had little affect on the fish community.
Two types of quantitative data are presented in this paper, the presence or absence of a species ("Pres/Abs") within the study site during an observation period and, if present, the numbers of individuals of each species (i.e., "num· bers"). These data were then averaged over all observation periods at that study site (i.e., x = 1.0 = always present; x = 0.0 = never present). Means for each of the three sites at a particular depth were then averaged (i.e., mean of means). Unlike Pres/Abs data in which absence of a species was used in the averaging, observations in which a species failed to appear were excluded from calculations of the mean numbers for that species. When considering the Pres/Abs and numbers data, it is possible to determine how often a species was present at a particular depth and, if present, the mean number of individuals. Table 1 provides the binomial nomenclature for the common names used in the text.
As priority was given to monitoring 2 Gulf of Mexico Science, Vol. 12 [1991] species numbers, there were no continuous behavioral observations. Instead, as each species was identified, its general behavioral activities were also recorded. We emphasized the composition of gregarious groups, the location of stationary individuals, and aggressive interactions.
HABITAT DESCRIPTION
Although the shallow coral reefs of Jamaica have been described (e.g., Gareau 1959; Woodley et at. 1981) there are no systematic surveys of the corals (both hard and soft), sponges, or algae, for the deeper study sites. Furthermore no concurrent submersible studies describing these habitat were conducted during, or after, the tenure of this study. The superficial habitat descriptions presented here are intended only to provide a general idea of the habitat.
The 25 m sites consisted of large buttresses shaped as oblong mounds of In contrast, the 100 m sites were on a vertical wall with no living hard coral and no algae. Whip, tubular, and fan-like gorgonians were abundant. Tubular and barrel sponges were common and all sheltered areas were covered by encrusting sponges. Sand dripped constantly from shallower depths and collected on narrow ledges.
RESULTS
Fifty-six fish species were observed at the 25 m sites, and 43 and 24 species were observed at the 50 m and 100 m sites, respectively (Table 1 and 2). When considering adjacent depths, shared species always represented a larger portion of the deeper community (Fig. 1 ). This is especially obvious for the 12 species shared among the three depths and results from disappearance of species with increasing depth.
To compare their relative frequency within a depth, these 12 speci.es were ranked by Pres/Abs values. There was no significant correlation in their ranks among the three depths (Kendall Coef. of Concordance, P>0.05). Only three species were observed exclusively at the 100m depth. However, we have observed two of these species (the spotted drum and the yellow jack) at depths less than 10m on other occasions. For the most part, species that were present at more than one depth had lower abundances at the greater depth. Of the 34 species shared between the 25 m and 50 m sites (Table 1) , 23 declined in numbers while 9 increased (2 remained the same) (Binomial Test, z = -2.29, p<0.022). Similarly, 11 of the 12 species common to the 25 m and 1 00 m sites, declined in abundance while 1 increased (Binomial Test, p<0.006). However, seven species increased and 8 decreased in numbers between the 50 and 100m sites (Binomial Test, p>0.05) .
Comparing the most commonly observed species (i.e., those ranked in the first third of the Pres/Abs values) for the 25 m and 50 m sites revealed eight species in common to both depths (Table  3 a and b) . Those species usually found in mixed-species groups (e.g., striped parrotfish, goatfishes, redband parrotfish) were more often observed in small unispecific groups at the 50 m sites. Juvenile sunshine damselfish were frequently observed in large groups hovering above coral heads; they were observed only as adults in the shallow sites. The nocturnally feeding grunts (French, margate, smallmouth, sai[or's choice) commonly seen in the shallow sites, were not observed at the 50 m sites. Hovering groups of blue chromis and creole wrasse were still commonly seen but their densities were much lower in comparison to the shallow sites.
At 25m site, the first third of the ranked species (ranked Pres/ Abs values; Table 3 a) included 18 species. These comprise the territorial damselfishes (cocoa and bicolor damsel fish), hovering aggregations (blue chromis with creole wrasse and French grunts), and mixedspecies groups that include both herbivores and predators (the herbivorous stoplight parrotfish, striped parrotfish, bluetangs, and the predaceous spotted goatfish). The remaining species were 4 Gulf of Mexico Science, Vol. 12 [1991] typically so I i tary predators. The less freand the mixed-species groups. The result quently observed species (ranked in the of such attacks was to interfere with lower %) Were typical of the Jamaican feeding patterns of gregarious species shallow corn rnunity (Itzkowitz 1974) and and cause individuals to scatter. represent additional herbivores (redband The cocoa damselfish was the only parrotfish, redtail parrotfish, and rainbow representative of the genus Stegastes at parrotfish) as well as a wide diversity of the 50 m sites. They moved over large carnivores.
poorly defended areas resembling home Behavioral dynamics at 25m depth ranges rather than territories. They had no resembled those described previously for apparent impact on the movement patshallow areas (Itzkowitz 1974 terns of the small unispecific groups of 1977 b). The 1:: erritorial cocoa and bicolor herbivores (e.g., striped parrotfish) and damselfishes blanketed the coral wall carnivores (spotted goatfish). and continu~ usly chased the schooling
The 100 and 25m depths shared only one species in their top one third rank (the graysby) (Table 3a and c) while the 50 m and 100m depths shared 5 species (Table  3b and c). Species associated with mixedspecies groups were priminarily absent in the deep sites (e.g., parrotfish, surgeonfish, goatfish). The wrasses, common in the shallow areas, were uncommon in the deep sites. The 100m sites had no aggressive damselfishes, or their behavioral equivalent, that influenced the movements of other species. The sunshine damselfish was extremely common and hovered between 0.5 to 1.0 m away from the substratum with a minimum distance of approximately 1 m between individuals. No overt aggression was observed to maintain this inter-individual distance. No juvenile damselfishes were observed at this depth.
The large aggregations of blue chromis and creole wrasse were absent at the 100m sites. In comparison to the 50 m sites, Chromis scotti had increased in both the number of times observed (Pres/ Abs) and number of individuals (numbers). Typically they were seen hovering within 1.5 m of the wall.
The most commonly observed gregarious species were the sargassum triggerfish and rock beauties. Both species were observed to be solitary and in small group of 2 to 6 individuals. Sargassum triggerfish, either as groups or solitary, were rarely seen at the same localities on repetitive dives. However, although solitary rock beauties were not site specific, groups were seen repeatedly at the same location. Groups of blackcapped basslets did maintain highly consistent positions.
Solitary longsnout butterflyfish remained as common at the 100m sites as at 50 m sites. The ridgeback basslet t;>ecame more common at the 100m sites. The number of squirrelfishes declined at 100m.
DISCUSSION
The increasing slope of the substratum and decreasing ambient light intensity were two obvious physical differences from the shallow to deeper study sites. In addition, a decrease in the algae Table 3 a. Ranking of the mean Pres/ Abs (presence or absence of a species) values for species observed at the 25 m sites. 1.00 signifies always observed and 0.00 would signify never observed. Gulf of Mexico Science, Vol. 12 [1991], No. 1, Art. 3 https://aquila.usm.edu/goms/vol12/iss1/3 DOI: 10.18785/negs.1201.03
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Reconnaissance of Jamaican Coral Reef Communities 31 abundance, and an increase in the numbers of gorgonians and sponges was observed. At the 100m sites, the only areas free of encrusting sponges were those not protected from the continual dripping of sand which may have precluded larvae settlement. The large barrelshaped sponges were located primarily on the sheer walls. The most conspicuous social systems on the shallow reefs, i.e., territorial damselfishes and mixed-species groups, were absent in the deep areas. This closely parallels the disappearance of algae which serves as a food source for the herbivorous parrotfishes and surgeonfishes. The shallow territorial Stegastes damselfishes are often associated with algal mats (e.g., Brawley and Adey 1977; Sammarco 1983 ) which may also account for the fishes disappearance at the deeper sites.
With increasing depth, the fish community shifted to planktivores and other forms of predation. This was most obvious in the damselfishes which were entirely represented by the planktivorous Chromis species. However, shallow-water Chromis species were replaced by the sunshine and reef damselfish. Although the sunshine and reef damselfish appeared to feed on the plankton, as did the shallow-water blue and brown chromis, their behavior differed. The sunshine fish in the deep areas appeared territorial as individuals were uniformily spaced in stable locations. The reef damselfish were found in clusters, close to the wall ' and thus more closely resembled the behavior of the shallow Chromis species. The remainder of the deep community consisted of substrate oriented predators of both active and sessile prey. These species were observed at all depths. However, the sargassum triggerfish and the rockbeauty were most prominent at the deep site while Veri/us sordidus (tentatively identified) were seen only in deep areas.
In general numbers and densities of species declined with increasing depth. The few unique species at deep sites suggests a process of gradual attrition with depth. However, the Pres/Abs rankings for shared species changed between depths suggesting a more basic restructuring of the community. Further work is necessary to clarify the significance of these changes.
The lack of a distinct fish community at the 100m sites may indicate that this community is a selective "spill-over" from the shallow community. One test of this hypothesis would be to compare the fish communities on other Caribbean islands that have a more diverse shallow reef community with the expectation that the deeper communities would also be more diverse. For example, in comparison to Jamaica, the shallow reefs of Providenciales in the Turks and Caicos Islands appeared to have a more diverse fish community. One preliminary dive to 100m in Providenciales revealed a fish community similar to that of Jamaica. If this one dive is representative of Providenciales, the obvious differences between the shallow communities of these two islands is not reflected in their deeper areas. Further work is clearly needed to determine if the deep coral reef fish communities are, in fact, independent of the shallower fish communities.
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